
Citation: Stepanov, N.; Zherebtsov, S.

Design of High-Entropy Alloys.

Metals 2022, 12, 1003. https://

doi.org/10.3390/met12061003

Received: 7 June 2022

Accepted: 8 June 2022

Published: 11 June 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

metals

Editorial

Design of High-Entropy Alloys
Nikita Stepanov * and Sergey Zherebtsov *

Laboratory of Bulk Nanostructured Materials, Institute of Materials Science and Advanced Technologies,
Belgorod State University, Belgorod 308015, Russia
* Correspondence: stepanov@bsu.edu.ru (N.S.); zherebtsov@bsu.edu.ru (S.Z.); Tel.: +7-915-566-6147 (N.S.)

1. Introduction

High-entropy alloys (HEAs) and related complex, concentrated alloys (CCAs) have
resulted from new approaches to alloy design, which emerged 18 years ago [1,2]. These
approaches change the established paradigm of alloy development when small amounts
of alloying elements add to a single principle element. Instead, HEAs/CCAs suggest the
usage of multiple (at least 3–5) principle elements taken in close to equiatomic propor-
tions with the possible presence of minor components. Due to such a complex chemical
composition, the alloys can have unique structures and properties not readily available in
conventional alloys [3]. For example, some HEAs/CCAs demonstrate remarkable strength
at elevated temperatures, which makes them promising candidates for Ni-based superalloy
replacement [4,5] or an unprecedented combination of strength, ductility, and toughness
under cryogenic conditions [6]. HEAs/CCAs are often considered promising structural
materials; however, they can also offer interesting functional properties [7,8]. Specifically,
high-entropy ceramics and coatings have recently emerged and already demonstrated
remarkable properties [9–11].

With the above-mentioned scope of the field, the new Special Issue on the Design of
High-entropy Alloys was opened for submissions on a variety of different topics. Works
on fundamental aspects such as phase formation and transformations, strengthening and
deformation mechanisms, as well as diffusion were equally expected with more application-
driven research focused on properties. Investigations of the functional properties of HEAs
and non-metallic high-entropy materials were also highly anticipated.

As a result, a total of seven papers were published. A brief overview of the published
papers is given below.

2. Contributions

The published papers mark several trends in the design of HEAs and associated
materials. First is the growing attention to intermetallic phases. HEAs research has been
focused on searching for the random solid solution phases in alloys since 2004. However,
for almost a decade, there has been a growing understanding that ordered phases in HEAs
are needed to ensure reasonable strength. For instance, new AlxCo50−xCu50−xMnx
(x = 2.5, 10, and 15 at%) immiscible medium-entropy alloys (IMMEAs) were designed and
examined [12]. The alloys were based on Co-Cu binary system, while Al was added as a
strong B2 phase former, and Mn provided additional solid solution strengthening. The
alloys showed phase separation into two face-centered cubic (FCC) phases due to the
miscibility gap of the cobalt-copper binary system with the formation of the CoAl-rich B2
phase. The combination of the hard B2 phase and two softer FCC phases contribute to a
good combination of strength and ductility.

Single-phase high-entropy intermetallics (HEICs) are also of interest for various struc-
tural and functional applications [13]. In [14], multicomponent alloys with a B2-ordered sin-
gle phase were designed and fabricated by melting route for the first time. The equiatomic
substitution of transition metal elements in the Ni sublattice of binary AlNi was used to
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produce Al(CoNi), Al(FeNi), Al(CoFe), Al(CoFeNi), Al(CoFeMnNi), and Al(CoCuFeMnNi)
multicomponent alloys. Experimental data and the CALculation of PHAse Diagrams
(CALPHAD) approach confirmed the B2 ordering in the alloys.

The mechanical behavior of HEAs attracts considerable attention, yet the controlling
deformation mechanisms are not always clear. In the following paper [15], the mechanical
behavior [001]- and [144]-oriented single crystals of Al0.3CoCrFeNi alloy was explored
within a wide temperature range of 77–973 K under tension. It was found that a high-stress
level at the yield point σ0.1 ≈ G/100–G/160 (G is the shear modulus) was reached due to
the formation of nanotwins, multipoles and dislocations under plastic deformation at 77 K
and the subsequent precipitation of ordered L12 and B2 particles.

Technological aspects of HEAs behavior were addressed in [16], where the structure
and properties of Fe49Mn30Cr10Co10C1 TRIP high-entropy alloy friction stir welds were
examined. Friction stir welding resulted in a considerable refinement of the microstructure
of the stir zone. Post-welding tests showed a considerable increase in the strength and
microhardness of the welds.

The growing maturity of the high-entropy materials field is well reflected in the fact
that three review papers were published in this Special Issue. The first one [17] summarizes
the recent data on an AlCoCrFeNi alloy. The effect of the manufacturing methods, varying
component content, and heat treatment on the properties of the AlCoCrFeNi high-entropy
alloy is analyzed in detail.

The two other reviews are focused on various coatings. The first one is devoted to
nitride coatings [18]. High-entropy nitride (HEN) coatings have a single-phase structure
and properties that significantly exceed those of simpler nitride systems. These properties
include high hardness, wear resistance, oxidation resistance and thermal stability. The
review compares the methods for obtaining HEN coatings, describes their structural fea-
tures and analyzes the main properties, such as hardness, wear resistance, and oxidation
resistance, in order to gain insight into the influence of the number of elements and their
role in the composition of coatings. The second review is focused on the use of magnetron
sputtering for the preparation of high-entropy coatings [19]. Magnetron sputtering is
regarded as one of the most efficient methods for the deposition of HEA-based thin films.
Metallic- and nitride-based HEA coatings can be easily deposited by introducing N2 gas
along with Ar in the reaction chamber. The effect of different deposition parameters such
as target composition, bias voltage, sputtering power, and, notably, gas flow ratio on the
thin film’s morphology and mechanical properties is analyzed.

3. Conclusions and Outlook

A total of seven papers were published in the new Special Issue on the Design of High-
entropy Alloys. Four of them presented original research results, and three of them were
reviews. Five papers focused on High-entropy Alloys, and two papers (reviews) focused
on High-entropy Coatings. Specific attention to High-entropy Intermetallics must be noted.
The papers published in the Special Issue advanced our understanding of composition–
structure–properties relationships in HEAs and related materials and contributed to the
design of new materials with unprecedented properties for future applications.

The success of the Special Issue could not be possible without the contributions of the
corresponding authors and committed reviewers. Special gratitude also goes to the Metals
Editorial office and Mr. Stev Duan for their professionalism and patience. Credit goes to
every single person involved in this endeavor.
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